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Abstract. Alternatives to species-level identification have been advocated as one 
solution to the problem of selecting marine reserves with limited information on the 
distribution of marine biodiversity. This study evaluated the effects on selection of 
candidate sites for marine reserves from using the higher-taxon approach as a 
surrogate for species-level identification of intertidal molluscs and rocky reef fishes. 
These effects were evaluated by determining the % of species included in candidate 
reserves identified from genus-, family- and order-level data by a complementarity-
based reserve selection algorithm, and by testing for correlations between the 
irreplaceability values of locations. Candidate reserves identified from genus- and 
family-level data of intertidal molluscs included a similar % of all species as the 
reserves identified from species-level data. Candidate reserves selected from genus- 
and family-level data of rocky reef fishes included, respectively, 3-7% and 14-23% 
fewer species than reserves selected from species-level data. When the reserve 
identification process was constrained by a practical planning limit (a maximum of 
20% locations able to be reserved) the reserves selected from genus- and family-level 
data of intertidal molluscs, and genus-level data of rocky reef fishes, included a 
similar % of species as the reserves identified from species-level data. Irreplaceability 
values of locations for species, genera and families of intertidal molluscs were highly 
correlated, and irreplaceability values of locations for species and genera of rocky reef 
fishes were highly correlated. This study suggests that genus- and family-level data 
for intertidal molluscs, and genus-level data for rocky reef fishes, are suitable 






Human activities are causing significant impacts in marine and coastal regions 
throughout the world (Wilkinson 2002). Marine reserves are being advocated as a 
management strategy to conserve biodiversity and to facilitate sustainable use of 
marine resources (Roberts and Hawkins 2000) and networks of marine reserves have 
been systematically selected in many countries and regions (Kelleher et al. 1995; 
Walls 1995; Yurick 1995; Thackway 1996; ANZECC 1999; Gladstone et al. 2003). 
The efficient and goal-orientated identification of candidate sites for marine reserves 
is potentially constrained by incomplete taxonomy; lack of information on distribution 
and abundance of marine biodiversity; and poor understanding of the role of 
ecological processes in maintaining biodiversity (Zacharias and Roff 2000; Ponder et 
al. 2002; Hutchings and Ponder 2003). In addition, the nature of marine and coastal 
environments presents difficulties of access that often hamper systematic efforts to 
survey and study biodiversity. A potentially useful approach is the use of a surrogate 
(e.g. habitat, environment type, indicator group) that is more easily and quickly 
measured yet effectively represents species-level biodiversity. Despite this approach 
having potential in marine systems, where the issues of lack of biodiversity 
information are potentially greater than in terrestrial systems, few studies have 
evaluated the usefulness of biodiversity surrogates for marine reserve selection 
(Vanderklift et al. 1998; Ward et al. 1999; Gladstone 2002; Gladstone and Davis 
2003). 
One potential surrogate that has received considerable attention in terrestrial 
systems is the higher-taxon approach. In theory, the advantages of surveying higher 
taxa in biodiversity inventories include: ease of identification compared with 
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distinguishing individual species; the reduced time and cost associated with sampling 
and identifying taxa; and the possibility of surveying a greater number of locations 
(Balmford et al. 1996a; Gaston 1996; Williams and Humphries 1994; Balmford et al. 
2000; Gaston 2000). Adopting the higher-taxon approach in biodiversity surveys for 
the purpose of conservation planning requires its usefulness to be verified in different 
habitats, for different groups of flora and fauna, and at spatial scales relevant to the 
selection and design of reserves. At the simplest level, surrogacy value of higher taxa 
has been evaluated by testing for correlations between species richness and the 
richness of higher taxa across many locations (Williams and Gaston 1994; Pik et al. 
1999; Balmford et al. 2000; Wilkinson and Davis 2000). Although fewer studies have 
been conducted in marine systems, results have shown significant correlations 
between richness of species and higher taxa for fish (McAllister et al. 1994), molluscs 
(Jablonski and Flessa 1986; Roy et al. 1996), and amphipods (Myers 1997). It has 
also been demonstrated that assemblages can be distinguished similarly by species or 
higher taxa (James et al. 1995; Chapman 1998) and that higher taxa are useful 
surrogates for species in assessing environmental impacts (Warwick 1988; Ferraro 
and Cole 1990; Olsgard et al. 1998; Lasiak 2003; Gladstone and Schreider 2003). 
An alternative approach to evaluating the higher-taxon approach has been to 
examine its value in complementarity-based reserve selection (Balmford et al. 1996b; 
van Jaarsveld et al. 1998; Vanderklift et al. 1998; Balmford et al. 2000). Using data on 
a number of vertebrate, plant and invertebrate groups in the Transvaal region of South 
Africa, van Jaarsveld et al. (1998) found only minor degrees of spatial overlap 
between reserves selected for species and genera, and species and families and 
concluded that reserves based on genera or families would lead to inefficient 
conservation of species. In contrast, using % of species included in reserves as a 
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measure of effectiveness, Balmford et al. (2000) found reserves selected for 
macrofungi genera by a richness-based algorithm contained at least 98% of the 
species that were included in reserves selected for species. Vanderklift et al. (1998) 
found that marine reserves selected for assemblages defined by genera or families 
contained a similar proportion of species as reserves selected for species assemblages, 
provided the representation goal was to conserve at least 60% of assemblage 
occurrences. Differences in the outcomes of these studies probably reflect differences 
in their spatial scales; differences in the measures used for evaluating effectiveness 
(spatial overlap of reserves vs % of all species included in reserves); and differences 
in the taxonomic diversity of the groups examined. With the exception of the study by 
Vanderklift et al. (1998) most other studies have been undertaken at spatial scales 
much larger than the scales at which reserve selection actually occurs and the 
application of their results to this process is therefore uncertain. The objective of this 
study was to compare the higher-taxon approach in two groups (intertidal molluscs 






This study was undertaken in the Hawkesbury Shelf bioregion, south-east Australia 
(described in Gladstone 2002). The value of the higher-taxon approach in intertidal 
molluscs was assessed with mollusc data from Gladstone (2002) (hereafter called the 
Hawkesbury Shelf molluscs), and with data collected from surveys at 21 locations 
between Killcare and Bar Beach (New South Wales) (hereafter called the Central 
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Coast molluscs). The latter survey included all rock platforms in 85 km of coastline in 
the Central Coast section of the Hawkesbury Shelf bioregion and the average distance 
between nearest locations was 4.2 ± 0.7 km (Figure 1). Central Coast molluscs were 
sampled in December 2000-January 2001 and October-November 2002 at low tide in 
three 1 m wide transects that stretched perpendicular to the shore from the highest 
reaches of the intertidal to the water level (Zacharias and Roff 2001). Transects 
included the range of sub-habitats, including cobbles, boulders, rockpools, crevices, 
ledges and flat platform. All molluscs occurring in each transect were visually 
identified and all surveys were done by one individual (TA). 
Data on rocky reef fishes were collected from 13 locations between Lion 
Island and Port Stephens (New South Wales), covering 140 km of coastline, with an 
average distance of 11.7 ± 5.3 km between nearest locations. Sampling occurred in 
the ‘deep reef’ habitat which is a sponge-dominated habitat of temperate rocky reefs 
at 12-18 m depth (Underwood et al. 1991). Deep reef habitat on fringing rocky reefs is 
patchily distributed in response to the availability of rocky substratum at suitable 
depth (personal observations) and the locations used represented most occurrences of 
this habitat in the study area. Sampling occurred in April-May and September-
October 2002. Fishes were surveyed by divers using underwater visual census 
techniques in which all mobile fishes were counted in a 5 x 25 m strip and all cryptic 
and juvenile fishes were counted in a 1 x 25 m strip parallel to the larger strip 
(Lincoln Smith 1989). Transects were sampled by swimming at a constant speed so 
that counts of the 5 m and 1 m strips were completed in approximately 8 min. Search 
effort was therefore constant across all transects. Four randomly located replicate 
transects were surveyed in each of two sites within each location and results from 
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sites were combined to give a total species list for each location. All surveys were 
done by one individual (WG). 
Correlations between richness of species and higher taxa were tested by 
Spearman rank correlation coefficients with significance determined by 
randomization (Manly 1997) because of lack of independence of the data sets. 
Correlations were not calculated for species and class richness of intertidal 
invertebrates because the four classes recorded during these surveys occurred at all 
locations. Correlations were also not calculated for species and class richness of rocky 
reef fishes because there are only two classes and one of these (Chondrichthyes) was 
not recorded at all locations. The total areas surveyed for intertidal molluscs varied 
with the width of the intertidal shore and it is therefore possible that any relationship 
observed between richness of species and richness of higher taxa may be confounded 
by area differences. Therefore, regression was used to test for the existence of a 
relationship between area and taxonomic richness and where there was a significant 
regression, the residual scores were used for the correlations between taxonomic 




Analyses were undertaken on the rocky reef fish data set for species, genera, families 
and orders following the taxonomy in Kuiter (2000). Analyses of intertidal molluscs 
were undertaken on species, genera, families and orders, following the taxonomy in 
Beesley et al. (1998) and Kay et al. (1998). Classes were not analysed because three 
of the four classes (Polyplacophora, Bivalvia, Gastropoda) occurred at all locations 
and the remaining class (Octopoda) occurred at four locations only. Six families of 
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gastropod molluscs were classified within three superorders (no subsidiary orders) 
and 37 families were classified within 18 orders (Kay et al. 1998). For the purposes of 
the present study superorders and orders were treated as equivalent and analyzed as 
part of a common data set hereafter called orders. 
The usefulness of the higher-taxon approach in reserve selection was tested 
with two reserve selection procedures: a greedy richness algorithm and 
irreplaceability analysis. A greedy richness algorithm was used to select locations to 
achieve the representation goal of each taxon occurring at least once in a reserve. The 
greedy richness algorithm sequentially selects locations by complementary richness 
until the representation goal is reached (Kirkpatrick 1983; Vane-Wright et al. 1991; 
Csuti et al. 1997; Williams 1999). This was done for data sets of species, genera, 
families and orders for the individual sampling periods and for the combined data 
sets. The % of all species included in the set of locations selected for each of the 
higher taxa was then determined. A higher taxon would be a suitable surrogate if the 
selected reserves contained a similar % of all species as reserves of the same number 
of locations selected from the species data set (Howard et al. 1998; Reyers et al. 2000; 
Gladstone 2002). The % of all species included in a reserve network of randomly 
selected locations was also determined, from the median of 1000 simulations, for 
reserve networks of the same size as the reserve network for each taxon. Analyses 
were done with WORLDMAP (British Museum of Natural History) software. This 
procedure was also done for the representation goal of 20% of locations as reserves, 
where the greedy richness algorithm selects the set of locations that will lead to the 
greatest number of species being included with the constraint that no more than 20% 
locations can be selected. This procedure was done to simulate the practical planning 
constraint that a maximum of 20% of locations were able to be declared as reserves. 
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There are potentially many possible combinations of locations that will 
achieve a required representation goal (Rebelo and Siegfried 1992; Pressey et al. 
1994; Hopkinson et al. 2001). This characteristic of reserve selection is termed 
‘flexibility’ (Pressey et al. 1994). The number of all such possible combinations in 
which a location occurs is a measure of its relative contribution towards the 
achievement of the representation goal, or its ‘irreplaceability’ (Pressey et al. 1994). 
Pressey et al. (1994) defined irreplaceability as (1) the potential contribution of an 
area to a representation target (e.g. a single representation of each species in a 
reserve); and (2) the extent to which options for a reserve system are lost if that area 
becomes unavailable for conservation. Pressey et al. (1994) originally quantified the 
irreplaceability value of an area as the percentage of alternative sets of areas in which 
the location occurs. Areas that are 100% irreplaceable must be included in a reserve 
system if the representation target is to be achieved. Areas with lower irreplaceability 
values will have more replacements in the region and less impact on the 
representation target if they become unavailable for conservation (Pressey, 1999; 
Ferrier et al. 2000). A more recent predictor (Ferrier et al. 2000) allows 
irreplaceability value to be calculated for very large data sets. In the present study C-
Plan software (New South Wales National Parks and Wildlife Service; Pressey 1998) 
was used to calculate summed irrreplaceability values from data sets of species and 
higher taxa. Summed irreplaceability value was used because in all of the data sets 
used in this study all or most locations were irreplaceable for achieving the 
representation target of each taxon being represented at least once in a reserve, which 
did not provide a relative measure of the conservation value of each location. 
Summed irreplaceability is the sum of the irreplaceability values of all taxa in a 
location (Pressey 1998, 1999; Ferrier et al. 2000). This study tested the hypothesis 
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that summed irreplaceability values determined using species and higher taxa were 
significantly correlated. Spearman rank correlation coefficients were calculated and 
their statistical significance determined by randomization because of the lack of 







Species richness of Hawkesbury Shelf molluscs was significantly correlated with 
richness of genera and families, but not orders (Table 1). Although statistically 
significant the correlation coefficients for genera (ρ = 0.79) and families (ρ = 0.69) 
were only of moderate magnitude. These relationships were not driven by area 
differences: there were non-significant relationships between the area of locations and 
richness of species (r2 = 0.002, P = 0.87); genera (r2 = 0.0003, P = 0.95); families (r2 
= 0.001, P = 0.90); and orders (r2 = 0.12, P = 0.20). 
Species richness of Central Coast molluscs was significantly correlated with 
the richness of genera and families in the first sampling, although the correlation 
coefficient was high only for genera (ρ = 0.90). These results are unlikely to be 
confounded by area differences: there was a significant, but poor relationship between 
area and species richness (r2 = 0.22, P = 0.03) and no relationship between area and 
richness of genera (r2 = 0.10, P = 0.16), families (r2 = 0.0004, P = 0.93), or orders (r2 
= 0.03, P = 0.45). Species richness was significantly correlated with richness of 
genera, families, and orders at the second sampling and in the combined data set 
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(Table 1). The magnitude of the correlation coefficients were high only for genera (ρ 
= 0.96) and families (ρ = 0.84) at the second sampling and genera (ρ = 0.96) and 
families (ρ = 0.81) in the combined data set. Significant area effects existed at the 
second sampling for richness of species (r2 = 0.26, P = 0.02) and genera (r2 = 0.22, P 
= 0.03), but not for families (r2 = 0.07, P = 0.25) or orders (r2 = 0.0007, P = 0.91). 
The correlation between species and genera was still high after adjusting for the 
potential effects of area by correlating residual values for species and genera (ρ = 
0.93). Significant area effects also occurred in the combined data set for richness of 
species (r2 = 0.30, P = 0.01) and genera (r2 = 0.25, P = 0.02), but not for families (r2 = 
0.08, P = 0.21) or orders (r2 = 0.03, P = 0.50). The correlation between species and 
genera was still high after correlating residuals (ρ = 0.94). 
Species richness of rocky reef fishes was significantly correlated with generic 
richness at the first sampling (ρ=0.95), with generic (ρ=0.97) and family richness 





The reserve set required to achieve the representation target of each taxon being 
represented at least once for genera, families and orders of Hawkesbury Shelf 
molluscs included 99%, 88% and 86%, respectively, of all species (Table 2). The 
reserve set identified for genera, families and orders of Central Coast molluscs 
included 97%, 91% and 59%, respectively, of all species at the first sampling; 97%, 
97% and 77%, respectively, of all species at the second sampling; and 99%, 93% and 
58% of all species, respectively, in the combined data set (Table 2). Randomly 
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selected reserves included fewer species, except for orders of Central Coast molluscs 
at the first sampling when the randomly selected reserves included the same % species 
(59%). 
 The reserve sets selected to include at least a single representative of each 
genus, family and order of rocky reef fishes included 97%, 77% and 61%, 
respectively, of all species at the first sampling; 93%, 86% and 76%, respectively, of 
all species at the second sampling; and 97%, 81% and 54% of all species in the 
combined data set (Table 2). Randomly selected reserves always included fewer 
species than the reserves identified for each taxon; however, at the first sampling and 
in the combined data set the randomly selected reserves included only 4% and 3% 
fewer species, respectively, than the reserves identified for orders. 
When the representation goal was 20% of locations as reserves, the locations 
identified for species, genera and families of both Hawkesbury Shelf and Central 
Coast molluscs included a similar % of species (Table 2). For rocky reef fishes, only 
the locations identified for genera included a similar % of species as the locations 
identified for species; locations identified for families excluded 5-11% species and 




The frequency distributions of summed irreplaceability values differed for each of the 
taxonomic levels (Figures 2-4). The frequency of smaller summed irreplaceability 
values increased, and the summed irreplaceability values of locations became more 
similar, with increasing taxonomic level for rocky reef fishes and molluscs. This trend 
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was especially pronounced for Central Coast molluscs and rocky reef fishes where the 
summed irreplaceability value of most locations for orders was 0-2. 
Summed irreplaceability values of locations for species, genera and families of 
intertidal molluscs were highly correlated (Table 3). Although significant, the 
correlation for species and orders was not strong. The magnitudes of the correlations 
for Central Coast molluscs were greater in the second sampling period. The 
correlations for species and orders were significant (except at time 1 for Central Coast 
molluscs), but not high. Summed irreplaceability values for species and genera of 
rocky reef fishes were highly correlated. The correlations increased in the second 
sampling period with the magnitude of this increase reflected in the value for families, 
which changed from a low and non-significant correlation in the first sampling period 
(ρ=-0.07) to a significant, positive correlation in the second sampling period (ρ=0.63). 






The present results suggest that species richness of intertidal molluscs in locations of 
100s m2 area, separated by km - 10s of km is highly correlated with genus and family 
richness. Species richness of rocky reef fishes in locations of 1000s m2 area and 
separated by 10s of km is highly correlated with genus richness. These significant 
correlations are consistent with studies of other biota at different spatial scales and 
with different ratios of species:higher taxa (McAllister et al. 1994; Balmford et al. 
1996a, 1996b, 2000; Olsgard et al. 2003). Interestingly, McAllister et al. (1994) 
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working with a much richer group of fishes (coral reef fishes) and at a much greater 
scale (global) than the present study also found that richness of species and genera in 
20 grids were highly correlated, but species and family richness were unrelated. 
The magnitude of some richness correlations changed between sampling 
periods. For example, species and family richness of Central Coast molluscs were 
only weakly correlated in time 1 (ρ = 0.50); however in time 2 they were highly 
correlated (ρ = 0.84). Changes of a similar magnitude also occurred for correlations 
between species and family richness of rocky reef fishes. Some results for reserve 
selection and irreplaceability analysis also changed between sampling times. Reserves 
selected for families of rocky reef fishes included more species at sampling time 2 
(Table 2). Correlation coefficients of summed irreplaceability values for Central Coast 
intertidal molluscs and rocky reef fishes were greater for all taxonomic levels in time 
two (Table 3). The increased correlations of summed irreplaceability values for 
intertidal molluscs was associated with an increase in the number of species, genera 
and families in sampling time 2, whereas the increased correlations for irreplaceability 
values of rocky reef fishes was associated with a decrease in numbers of species, 
genera and families. Lack of consideration of the possibility of temporal variation 
could possibly lead to erroneous conclusions about the surrogate value of particular 
higher taxa e.g. that families might not be a reliable surrogate for molluscs (based on 
sampling time 1) or that families of rocky reef fishes show some promise as a 
surrogate for species (based on sampling time 2). 
Species richness is an inefficient means of prioritising locations for 
conservation planning, leading to many more locations being required to achieve a 
representation goal compared with locations selected on the basis of complementarity 
(Williams et al. 1996; Margules and Pressey 2000). Furthermore, richness hotspots 
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rarely coincide spatially across taxonomic groups (Howard et al. 1998; Reid 1998; 
Tardiff and DesGranges 1998; van Jaarsveld et al. 1998; Pharo et al. 2000), and rarely 
coincide with locations important for rare or endangered species (Kershaw et al. 1995; 
Williams et al. 1996; van Jaarsveld et al. 1998; Reyers et al. 2000). A more realistic 
test of the value of higher taxa in conservation planning is their effectiveness in 
reserve selection. The present study found that complementarity-based reserve 
networks selected for genera of intertidal molluscs and rocky reef fishes included the 
majority of species in each biota. Interestingly, these outcomes (in terms of % species 
representation) are comparable to other studies that have been undertaken in different 
environments, at different scales, and using different groups of organisms. For 
example, Balmford et al. (1996b) used data on woody plants from all remaining Sri 
Lankan forests and found that reserves selected for genera contained 95% of all 
species, which compared extremely well with the reserve network of the same size 
selected from species data that included 97% of all species. In another study using 
data on a single group (the macromycete fungi) in the local area of Sheffield (UK), 
Balmford et al. (2000) similarly found that reserves selected for genera included only 
0.6 – 1.8% fewer species than the set of reserves selected for species. Use of families 
of intertidal molluscs in the present study led to the loss of 3-12% of species. These 
results are within the range of values recorded by Balmford et al. (1996b) for a much 
richer biota over a larger number of sites in a greater area. Balmford et al (1996b) 
found that use of families led to the loss of 7-10% of species for a data set of 777 
species of woody plants from 35 sites across Sri Lanka. Use of families or orders of 
rocky reef fishes does not appear suitable for identifying candidate sites as it led to the 
loss of 14-23% and 24-45%, respectively, of species. 
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Genera and families of intertidal molluscs are suitable surrogates when the 
area available for conservation is more realistic i.e. 20% of available locations. 
Reserve networks of this size selected for genera or families included similar numbers 
of species as reserves selected for species. In contrast, for reserve networks of this 
size for rocky reef fishes only genera included a similar number of species as reserves 
selected for species. Vanderklift et al. (1998) found that only genus-level data resulted 
in numbers of species being included that were similar to the results for species and 
only at a representation level of 60% or more of the area of occurrences. However, the 
analysis of Vanderklift et al. (1998) used representation of assemblages that were 
based on more species and more habitats than the present study. Their results would 
therefore reflect turnover of species and assemblages between habitats and variability 
of assemblages within habitats. Both studies conclude that higher taxa are useful 
surrogates for species in the selection of marine reserves. However, the existence of 
practical constraints on the size of areas available to be set aside as conservation 
reserves suggests that surrogate performance is best evaluated at achievable 
conservation targets. 
Conservation of species is one of the key goals of conservation planning. The 
State and Commonwealth governments of Australia adopted a set of principles for 
developing national and state systems of representative marine protected areas 
(ANZECC 1999). These principles include (amongst others) comprehensiveness, 
adequacy and representativeness. Representativeness requires that “Those marine 
areas that are selected for inclusion in MPAs should reasonably reflect the biotic 
diversity of the marine ecosystems from which they derive” (ANZECC 1999). The 
principle of representativeness requires inclusion of the range of community types and 
species present in the planning area (NSWMPAMPASWG 2001). The results from 
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this study indicate that large areas, or multiple reserves, are likely to be required to 
implement the principle of representativeness. The area required (expressed as a % of 
the total number of locations surveyed) to include all species varied from 60-80% for 
intertidal molluscs and 75-90% for rocky reef fishes. These results are not likely to be 
a result of selective or limited sampling effort (which might lead to a greater number 
of single occurrences of species) because all or most examples of the relevant habitat 
type were sampled for Central Coast molluscs and rocky reef fishes. These results 
suggest that the extent of areas required to conserve taxonomic diversity is likely to be 
considerably larger than the areas currently being set aside. 
The use of another criterion for reserve selection (summed irreplaceability 
value) led to similar conclusions as the results from the complementarity-based 
reserve selection procedures. Irreplaceability analysis has been used to test for 
surrogacy value in reserve selection (Pharo et al. 2000) and to schedule the selection 
of conservation areas in combination with a measure of vulnerability to loss (Pressey 
and Taffs 2001). In the present study the summed irreplaceability values of locations 
for species, genera and families of intertidal molluscs were significantly correlated. In 
contrast, the summed irreplaceability value of locations for species of rocky reef 
fishes was significantly correlated only with their irreplaceability value for genera. 
These significant correlations suggest that relative conservation value of locations can 
be quantified with species, genera, or families of intertidal molluscs and species or 
genera of rocky reef fishes. 
In summary, the results of the present study indicate that richness of higher 
taxa of intertidal molluscs and rocky reef fishes is a useful predictor of species 
richness. This study has also shown that use of genera and families of intertidal 
molluscs and genera of rocky reef fishes in conservation planning will have similar 
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outcomes for reserve selection as species-level data at achievable conservation targets. 
There is a need for further studies of biota in regions where the richness of higher taxa 
differs from those used in the present study to identify the conditions in which the 




This study was supported by funding from the University of Newcastle and the 
rocky reef fish data was collected as part of a project funded under the Natural 
Heritage Trust’s Coasts and Clean Seas program. Thanks to J Davis, J Crass, and A 
Slotwinski for assistance in intertidal surveys; V Owen, D Powter, D Alexander, and 
R Carraro for assistance in fish surveys; and to J Anderson, M Ridges and B Pressey 
for assistance with C-Plan. WORLDMAP software was generously provided by P 
Williams (British Museum of Natural History). This paper benefited considerably 
from comments on earlier drafts of the manuscript by A Chalmers, H Cogger, J 
Morton and two anonymous reviewers. This is a contribution from the Centre for 






ANZECC (Australian and New Zealand Environment and Conservation Council). 
1999. Strategic Plan of Action for the National Representative System of Marine 
 19 
Protected Areas: A Guide for Action by Australian Governments. Environment 
Australia, Canberra. 
Balmford A., Green M.J.B. and Murray M.G. 1996a. Using higher-taxon richness as a 
surrogate for species richness: I. Regional tests. Proceedings of the Royal Society of 
London Series B 263: 1267-1274. 
Balmford A., Jayasuriya A.H.M. and Green M.J.B. 1996b. Using higher-taxon 
richness as a surrogate for species richness: II. Local applications. Proceedings of the 
Royal Society of London Series B 263: 1571-1575. 
Balmford A., Lyon A.J.E. and Lang, R.M., 2000. Testing the higher-taxon approach 
to conservation planning in a megadiverse group: the macrofungi. Biological 
Conservation 93: 209-217. 
Beesley P.L., Ross G.J.B. and Wells A. (Eds.) 1998. Mollusca: The Southern 
Synthesis. Fauna of Australia. Vol 5. CSIRO Publishing, Melbourne. 
Chapman M.G. 1998. Relationships between spatial patterns of benthic assemblages 
in a mangrove forest using different levels of taxonomic resolution. Marine Ecology 
Progress Series 162: 71-78. 
Csuti B., Polasky S., Williams P.H., Pressey R.L., Camm J.D., Kershaw M., Kiester 
A.R., Downs B., Hamilton R., Huso M. and Sahr K. 1997. A comparison of reserve 
selection algorithms using data on terrestrial vertebrates in Oregon. Biological 
Conservation 80: 83-97. 
Ferraro S.P. and Cole F.A. 1990. Taxonomic level and sample size sufficient for 
assessing pollution impacts on the Southern California Bight macrobenthos. Marine 
Ecology Progress Series 67: 251-262. 
 20 
Ferrier S., Pressey R.L. and Barrett T.W. 2000. A new predictor of the irreplaceability 
of areas for achieving a conservation goal, its application to real-world planning, and 
a research agenda for further refinement. Biological Conservation 93: 303-325. 
Gaston K.J. 1996. Spatial covariance in the species richness of higher taxa. In: 
Hichberg M.E., Clobert J. and Barbault R. (eds), Aspects of the Genesis and 
Maintenance of Biological Diversity. Oxford University Press, Oxford, pp. 221-242. 
Gaston K.J. 2000. Biodiversity: higher taxon richness. Progress in Physical 
Geography 24: 117-127. 
Gladstone W. 2002. The potential value of indicator groups in the selection of marine 
reserves. Biological Conservation 104: 211-220. 
Gladstone W. and Davis J. 2003. Reduced survey intensity and its consequences for 
marine reserve selection. Biodiversity and Conservation 12: 1525-1536. 
Gladstone W. and Schreider M. 2003. Effects of pruning a temperate mangrove forest 
on the associated assemblages of macroinvertebrates. Marine and Freshwater 
Research 54: 683-690. 
Gladstone W., Krupp F. and Younis M. 2003. Development and management of a 
regional network of marine protected areas for the Red Sea and Gulf of Aden. Ocean 
& Coastal Management 46: 741-761. 
Hopkinson P., Travis J.M.J., Evans J., Gregory R., Telfer M.G. and Williams P.H. 
2001. Flexibility and the use of indicator taxa in the selection of sites for nature 
reserves. Biodiversity and Conservation 10: 271-285. 
Howard P.C., Viskanic P., Davenport T.R.B., Kigenyi F.W., Baltzer M., Dickinson 
C.J., Lwanga J.S., Matthews R.A. and Balmford A. 1998. Complementarity and the 
use of indicator groups for reserve selection in Uganda. Nature 394: 472-475. 
 21 
Hutchings P. and Ponder W. 2003. Marine invertebrates and their conservation. 
Marine Pollution Bulletin 46: 153-154. 
Jablonski D. and Flessa K.W. 1986. The taxonomic structure of shallow-water marine 
faunas: implications for Phanerozoic extinctions. Malacologia 27: 43-66. 
James R.J., Lincoln Smith M.P. and Fairweather P.G. 1995. Sieve mesh-size and 
taxonomic resolution needed to describe natural spatial variation in marine 
macrofauna. Marine Ecology Progress Series 118: 187-198. 
Kay E.A., Wells F.E. and Ponder W.F. 1998. Class Gastropoda. In: Beesley P.L., 
Ross G.J.B. and Wells A. (eds.) Mollusca: The Southern Synthesis Part B. CSIRO 
Publishing, Canberra, pp. 565-604. 
Kelleher G., Bleakley C. and Wells S. 1995. A Global Representative System of 
Marine Protected Areas, Volume 1. The World Bank, Washington. 
Kershaw M., Mace G.M. and Williams P.H. 1995. Threatened status, rarity, and 
diversity as alternative selection measures for protected areas: a test using 
Afrotropical antelopes. Conservation Biology 9: 324-334. 
Kirkpatrick J.B. 1983. An iterative method for establishing priorities for the selection 
of nature reserves: an example from Tasmania. Biological Conservation 25: 127-134. 
Kuiter R.H. 2000. Coastal Fishes of South-Eastern Australia. Gary Allen, Sydney. 
Lasiak T. 2003. Influence of taxonomic resolution, biological attributes and data 
transformations on multivariate comparisons of rocky macrofaunal assemblages. 
Marine Ecology Progress Series 250: 29-34. 
Lincoln Smith M.P. 1989. Improving multispecies rocky reef fish censuses by 
counting different groups of species using different procedures. Environmental 
Biology of Fishes 26: 29-37. 
 22 
Manly B.F.J. 1997. Randomization, Bootstrap and Monte Carlo Methods in Biology. 
Chapman and Hall, London. 
Margules C.R. and Pressey R.L. 2000. Systematic conservation planning. Nature 405: 
243-253. 
McAllister D.E., Schueler F.W., Roberts C.M. and Hawkins J.P. 1994. Mapping and 
GIS analysis of the global distribution of coral reef fishes on an equal area grid. In: 
Miller, R.I. (ed) Mapping the Diversity of Nature. Chapman and Hall, London, pp. 
155-175. 
Myers A.A. 1997. Biogeographic barriers and the development of marine 
biodiversity. Estuarine Shelf and Coastal Science 44: 241-248. 
NSWMPAMPASWG (New South Wales Marine Parks Authority Marine Protected 
Area Strategy Working Group) 2001. Developing a Representative System of Marine 
Protected Areas in NSW-an Overview. Marine Parks Authority, Sydney. 
Olsgard F., Somerfield P.J. and Carr M.R. 1998. Relationships between taxonomic 
resolution, macrobenthic community patterns and disturbance. Marine Ecology 
Progress Series 172: 25-36. 
Olsgard F., Brattegard T. and Holthe T. 2003. Polychaetes as surrogates for marine 
biodiversity: lower taxonomic resolution and indicator groups. Biodiversity and 
Conservation 12: 1033-1049. 
Pharo E.J., Beattie A.J. and Pressey R.L. 2000. Effectiveness of using vascular plants 
to select reserves for bryophytes and lichens. Biological Conservation 96: 371-378. 
Pik A.J., Oliver I. and Beattie A.J. 1999. Taxonomic sufficiency in ecological studies 
of terrestrial invertebrates. Australian Journal of Ecology 24: 555-562. 
 23 
Ponder W., Hutchings P. and Chapman R. 2002. Overview of the Conservation of 
Australian Marine Invertebrates. Australian Museum, Sydney and Environment 
Australia, Canberra. 
Pressey R.L. 1998. Algorithms, politics and timber: an example of the role of science 
in a public, political negotiation process over new conservation areas in production 
forests. In: Wills R. and Hobbs R. (eds.), Ecology for Everyone: Communicating 
Ecology to Scientists, the Public and the Politicians. Surrey Beatty and Sons, Sydney, 
pp. 73-87. 
Pressey R.L. 1999. Applications of irreplaceability analysis to planning and 
management problems. Parks 9: 42-51. 
Pressey R.L., Johnson I.R. and Wilson P.D. 1994. Shades of irreplaceability: towards 
a measure of the contribution of sites to a reservation goal. Biodiversity and 
Conservation 3: 242-262. 
Pressey R.L. and Taffs K.H. 2001. Scheduling conservation action in production 
landscapes: priority areas in western New South Wales defined by irreplaceability and 
vulnerability to vegetation loss. Biological Conservation 100: 355-376. 
Rebelo A.G. and Siegfried W.R. 1992. Where should nature reserves be located in the 
Cape Floristic Region, South Africa? – models for the spatial configuration of a 
reserve network aimed at maximising the protection of floral diversity. Conservation 
Biology 6: 243-252. 
Reid W.V. 1998. Biodiversity hotspots. TREE 13: 275-280. 
Reyers B., van Jaarsveld A.S. and Kruger M. 2000. Complementarity as a biodiversity 
indicator strategy. Proceedings of the Royal Society of London Series B 267: 505-
513. 
 24 
Roberts C.M. and Hawkins J.P. 2000. Fully Protected Marine Reserves: a Guide. 
WWF Endangered Seas Campaign USA and University of York UK. 
Roy K., Jablonski D. and Valentine J.W. 1996. Higher taxa in biodiversity studies: 
patterns from eastern Pacific marine molluscs. Philosophical Transaction of the Royal 
Society of London B 351: 1605-1613. 
Tardiff B. and DesGranges J.L. 1998. Correspondence between bird and plant 
hotspots of the St Lawrence River and influence of scale on their location. Biological 
Conservation 84: 53-63. 
Thackway R. 1996. Developing consistent national criteria for the identification and 
selection of a national representative system of marine protected areas. In: Thackway 
R. (ed) Developing Australia's Representative System of Marine Protected Areas: 
Criteria and Guidelines for Identification and Selection. Department of the 
Environment, Sport and Territories, Canberra, pp. 20-28. 
Underwood A.J., Kingsford M.J. and Andrew N.L. 1991. Patterns in shallow subtidal 
marine assemblages along the coast of New South Wales. Australian Journal of 
Ecology 6: 231-249. 
Vanderklift M.A., Ward T.J. and Phillips J.C. 1998. Use of assemblages derived from 
different taxonomic levels to select areas for conserving marine biodiversity. 
Biological Conservation 86: 307-315. 
van Jaarsveld A.S., Freitag S., Chown S.L., Muller C., Koch S., Hull H., Bellamy C., 
Kruger M., Endrody-Younga S., Mansell M.W. and Scholtz C.H. 1998. Biodiversity 
assessment and conservation strategies. Science 279: 2106-2108. 
Vane-Wright R.I., Humphries C.J. and Williams P.H. 1991. What to protect? - 
Systematics and the agony of choice. Biological Conservation 55: 235-254. 
 25 
Walls K. 1995. The New Zealand experience in developing a marine biogeographic 
regionalisation. In: Muldoon, J. (ed) Towards a Marine Regionalisation for Australia. 
Great Barrier Reef Marine Park Authority, Townsville, pp. 33-48. 
Ward T., Vanderklift M.A., Nicholls A.O. and Kenchington R.A. 1999. Selecting 
marine reserves using habitats and species assemblages as surrogates for biological 
diversity. Ecological Applications 9: 691-698. 
Warwick R.M. 1988. Analysis of community attributes of the macrobenthos of 
Frierfjord/Langesundfjord at taxonomic levels higher than species. Marine Ecology 
Progress Series 46: 167-170. 
Wilkinson C. 2002. Status of Coral Reefs of the World: 2002. Global Coral Reef 
Monitoring Network, Townsville. 
Wilkinson D.M. and Davis S.R. 2000. Rapid assessments of microbial biodiversity 
using relationships between genus and species richness. Studies on testate amoebae. 
Acta Protozoology 39: 23-26. 
Williams P.H. 1999. WORLDMAP iv Windows: Software and Help Document 4.1. 
Privately distributed, London. 
Williams P.H. and Gaston K.J. 1994. Measuring more of biodiversity: can higher 
taxon richness predict wholesale species richness? Biological Conservation 67: 211-
217. 
Williams P.H. and Humphries C.J. 1994. Biodiversity, taxonomic relatedness and 
endemism in conservation. In: Florey, P.L., Humphries, C.J., Vane-Wright, R.I. (eds) 
Systematics and Conservation Evaluation. Clarendon Press, Oxford, pp. 269-287. 
Williams P., Gibbons D., Margules C., Rebelo A., Humphries C. and Pressey R. 1996. 
A comparison of richness hotspots, rarity hotspots, and complementary areas for 
conserving diversity of British birds. Conservation Biology 10: 155-174. 
 26 
Yurick D. 1995. Development of a marine protected area system planning regional 
framework in Canada. In: Muldoon, J. (ed) Towards a Marine Regionalisation for 
Australia. Great Barrier Reef Marine Park Authority, Townsville, pp. 13-32. 
Zacharias M.A. and Roff J.C. 2000. A hierarchical ecological approach to conserving 
marine biodiversity. Conservation Biology 14: 1327-1334. 
Zacharias M.A. and Roff J.C. 2001. Explanations of patterns of intertidal diversity at 
regional scales. Journal of Biogeography 28: 471-483. 
 27 
Fig.1. Sampling locations for (A) Central Coast intertidal molluscs (O) and rocky reef 
fishes (•); and (B) for Hawkesbury Shelf intertidal molluscs. 
 
Fig. 2. Frequency distribution of summed irreplaceability values of locations for 
Hawkesbury Shelf molluscs. 
 
Fig. 3. Frequency distribution of summed irreplaceability values of locations for 
central Coast molluscs at sampling time 1 (A), sampling time 2 (B), and for the 
combined data set of species from both sampling times (C). 
 
Fig. 4. Frequency distribution of summed irreplaceability values of locations for rocky 
reef fishes at sampling time 1 (A), sampling time 2 (B), and for the combined data set 







































































































































Table 1. Numbers of taxa identified at each taxonomic level. Values in parentheses are 
Spearman rank correlation coefficients and their significance levels for the relationship of 
species richness to richness of higher taxa at each location. Hawkesbury Shelf molluscs 
sampled only on one occasion. Correlation coefficients for classes were not determined 
(see text). 
 
Group Taxon Time 1 Time 2 Combined 
Hawkesbury 
Shelf molluscs 
Species 74   
 Genus 57 (0.79***)   
 Family 36 (0.69**)   
 Order 18 (0.49 NS)   
 Class 4   
     
Central Coast 
molluscs 
Species 98 118 145 
 Genus 72 (0.90***) 84 (0.96***) 99 (0.96***) 
 Family 44 (0.50*) 54 (0.84***) 61 (0.81***) 
 Order 17 (0.24 NS) 20 (0.75***) 21 (0.74***) 
 Class 4 4 4 
     
Rocky reef 
fishes 
Species 105 74 114 
 Genus 80 (0.95***) 61 (0.97***) 83 (0.96***) 
 Family 37 (0.51 NS) 31 (0.87***) 38 (0.48 NS) 
 Order 9 (0.21 NS) 9 (0.27 NS) 9 (0.18 NS) 
 Class 2 2 2 
NS P>0.05, * P<0.05, ** P<0.01, *** P<0.001 
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Table 2. % of species included in reserve networks selected for genera, families and orders for two representation goals. Values in parentheses are 
the % species included in a randomly selected reserve network of the same size as the reserve network selected for each taxon and represent the 
median value of 1000 random selections. No results are given for the representation goal of 20% locations reserved for orders of Central Coast 
molluscs (combined data) and rocky reef fishes (combined data) because the complementarity-based reserve network required <20% locations. 
 
Biota Taxon Representation goal 
Each taxon in at least one reserve 20% locations reserved 
% locations required % species included % species included 
Hawkesbury Shelf 
molluscs 
Species 60 100 (86) 84 
 Genus 53 99 (84) 84 
 Family 33 88 (72) 84 
 Order 27 86 (68) 81 
     
Central Coast molluscs 
time 1 
Species 81 100 (94) 78 
 Genus 67 97 (88) 78 
 Family 48 91 (77) 77 
 Order 24 59 (59) 57 
     
Central Coast molluscs 
time 2 
Species 71 100 (90) 78 
 Genus 62 97 (86) 78 
 Family 62 97 (86) 76 
 Order 24 77 (62) 73 
     
Central Coast molluscs 
combined data 
Species 81 100 (93) 76 
 Genus 76 99 (91) 76 
 Family 57 93 (82) 76 
 Order 14 58 (50) -- 
 35 
Table 2 cont’d. 
 
Biota Taxon Representation goal 
Each taxon in at least one reserve 20% locations reserved 
% locations required % species included % species included 
Rocky reef fishes time 1 Species 92 100 (97) 66 
 Genus 85 97 (94) 65 
 Family 38 77 (70) 61 
 Order 23 61 (57) 58 
     
Rocky reef fishes time 2 Species 77 100 (92) 70 
 Genus 62 93 (85) 70 
 Family 46 86 (77) 66 
 Order 31 76 (66) 64 
     
Rocky reef fishes 
combined data 
Species 92 100 (98) 73 
 Genus 77 97 (93) 71 
 Family 38 81 (75) 62 







Table 3. Correlations between summed irreplaceability values of locations at higher 
taxonomic levels and irreplaceability value based on species.  Values shown are 
Spearman rank correlation coefficients and their significance level. 
 
 Genus Family Order 
Hawkesbury Shelf 
molluscs 
0.97*** 0.92*** 0.68** 
    
Central Coast 
molluscs 
- time 1 

















    
Rocky reef fishes 
- time 1 














NS P>0.05, * P<0.05, ** P<0.01, *** P<0.001 
 
 
